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U L T B A B E L A T I V I S T I C  G A S  S C A T T E B I B B  
IHO TBE G€UV~ATIOXAL FIELD 

SUMMARY 

T h i e  paper considers the sca t te r ing  of gas in the  general theory 
of r e l a t i v i t y ,  when the gas velocity is qui te  near the speed o f  l igh t .  
In t e re s t  in t h i s  problem is aroused in connection with the observations 
of supernovae and explosions of nuclei  of galaxies. A r e l a t ive ly  simple 
method iS proposed fo r  t h e  c la r i f ica t ion  of en t i r e  motion pattern. 

* *  
The problem described offers a lso  an independent i n t e r e s t  as an 

example of statement of the Cauuhy problem f o r  Einstein equations. 
The sca t te r ing  of u l t r a r e l a t i v i s t i c  gas in the spec ia l  theory of 

r e l a t i v i t y  w a s  considered in the  works by Landau C l ] ,  Khalatnikov. 
Stanyukovich [3] and others in connection w i t h  the problem of multiple par- 

t i c l e  formation at  co l l i s ions  of supe r fa s t  nucleons. For the application of 
methods developed by the indicated authors i t  is necessary t o  wri te  the equa- 
t ions  of laotion of the gae in the general theory of r e l a t i v i t y ,  similar in 
form t o  equations of the spec ia l  theory of r e l a t iv i ty .  The la t ter  is at ta ined 
by the  se lec t ion  of the centrally-symmetrical i n t e rva l  

[2], 

and by writ ing the equations of motion and continuity i n  the form [3,d+]: 

c 

* 



2, 

Here u' is the spec i f ic  volume, w = v ( p  + e )  is the heat content per unit of 
m a a s ,  a is the root-meantsquare veloeity measured by its proper t h e ;  
e2 =l  - a2; A = e x p  E (  X - v ) / 2 ] ;  we assume the flow t o  be isentropic$ 
t h a t  is, d=cons t .  We postulate c - 1  i n  the expressions (1) and (2); at 
the same time, 8 is dimensionless and the time 'Z has the dimensionality 

of the length, 
The system (2) i s  complemented by the E i n s t e i n  f i e l d  equations 

or 

For the u l t r a r e l a t i v i s t i c  velocity, when 

i - a = 2 &  ~ < i ,  

and the equation of s t a t e  p = (k - 1)a (subsequently i t  is postulated k = '13 
f o r  fornula contraction, although other values of k do not complicate the 

solut ion) ,  we s h a l l  have a s igni f icant ly  simpler i n i t i a l  system. The i n i t i a l  
d i s t r ibu t ion  of pressure and velocity ( the  Cauchy problem) is also appro- 
p r i a t e  t o  be chosen simplified, as thie  i s  done, for example, at automodel 
invest igat ion of a common gaa C53. 

is a gas sphere of radius R and constant pressure pot i n  which a constant 
ve loc i ty  bo, directed from the center, is given. Since the f r ee  gravi ta t ional  
f i e l d  is absent at centrally-symmetrical motion, the given dis t r ibut ion of 
matter determines a l s o  the rnetrec a t  the i n i t i a l  moment of time 

We s h a l l  &Bsume that  at the i n i t i a l  moment of time ( 7  = 0 )  there 

is) 

Here x is the Einstein constant; C is the integrat ion constant deterxined 
from the condition tha t  at the ini t ia l  moment of time r P R, A +  3 DC O., as 
t h i s  follows from the Schwarashield metric. A t  the same time, it follows 
from ( 5 )  

. 



3. 

Upon a series of tranefomnations the n l t r a r e l a t i v k i t i c  approxi- 
mation allom t o  obtain from the systems (2)  and (3) the equations 

The system obtained is prac t i aa l  i n  tha t  the  unhown 9 en te r s  in 
only 
solut ion of par t  of the equations, without resor t ing  t o  those not wri t ten  

A = exp c ( A- V) / 2) and the elimination of 3 allows t o  f ind  the 

in (7). 
The elimination of A is  obtained by t r ans i t i on  t o  new independent 

var iables  E and - r. A t  the same time, the  first equation of (7) has the 
form 8 

With the help of (8) we obtain fo r  the two o ther  equations (7) 

For the first in t eg ra l s  of the equations ( 9 )  we have the expressions 

Hence i t  may be seen d i rec t ly  t h a t  at sca t t e r ing  of t h e  ultrarelati- 
v i s t i c  gas i n  the grav i ta t iona l  f i e l d  the pressure p drops by r4, t ha t  is, 
j u s t  l i k e  in the spscipl theory of re la t ivf ty .  The solutions for A and b 
e s t i d y h g  tho & o V ~ - ~ ~ - W A L ~  .Initia_t_ @onditiansI are found with the a i d  of (10) 
by the  standard method* 

~ __ 

When obtaining (11). xpg, which is small by comparison w i t h  the terms 
containing b, was dropped. 



Therefore, at gas sca t te r ing  the metric approaches the Euclidean as 
(p/  pol3&. I n  u a s e  of absence of gravi ta t iona l  forces  the veloci ty  A would 
riee as (p/po)#, as It follow6 i ron (U). Hence the quantity in brackets 
determines the character of veloci ty  d e c e l a r a t a n  in the grav i ta t iona l  fmeld. 

the system (3) 
For the determination of V , w e  have from the fliret two equations of 

Eliminating & / d r  and d ~ / a p ,  from (12) with the a i d  of the t h i r d  
equation of (3) and of (81, we s h a l l  obtain 

In the l a t t e r  equation A and A have already been founi, Determining 
3 = 'Q - X from (13) we s h a l l  f ind wi th  the aid of (8) * 3: 'I; (r, p). Such is 
the 60lution soheme for the  problem as first proposed i n  C61. 

Because of its c~lbersomenes8 the solut ion of (13) in an a n d y t i a a l  
form is not a t ta inable ,  which crompels us t o  f i nd  3 and Z by numerical fn- 
t e p a t  ion . 

However, there exists a comparatively simple method for ascer ta ining 
the whole pa t te rn  of motion. Let us consider first of all the sca t t e r ing  of . 
u l t r a r e l a t i v i e t i c  gas in the  outer Schwarsshield ffeld,  Such a problem des- 

cr ibes  the  sca t t e r ing  of the  r e l a t i v i s t i c  star 's  s h e l l  a f t e r  emergence on 
the euriace of the shock wave moving from the  center. Compared t o  the  ws 

of the remnant star  HI the ma66 of the  sca t t e r ing  gae is neg lec tbg ly  small. 
That is  why the gas gas flows i n  the outer Sohwarseh&ld f i e l d  created by 
the star 

(I - r g / r ) ,  r, = 2kMIt9. (14) e-L = = 

If a t  Z = 0 the gas pressure in a s h e l l  of radius B were po anci the  ve- 
l o a i t y  h,, we would have for the velocity ( r a t e )  of subsequent s ca t t e r ing  
at  r > a  from the equation (10) with the help of (14) : 



When r approaches sero, i t  fol lons from (15) and (16) the w e l l  
g 

known reetllt for gas sca t t e r ing  in the  spee ia l  theory of r e l a t i v i t y  

Let  us now turn back t o  the i n i t i a l  problem of gas sphere sca t te r ing  
in proper gravi ta t ion field.  Beeawe the aiatter d i s t r ibu t ion  inside the 
sphere is manifest on the metria outside i t  only integral ly ,  we s h a l l  e s t i -  
mate, i n  accord with (10) t ha t  at r > RV ( F / P o )  - @/r)‘i - at the Bamei‘ 

the veloci ty  (11) we s h a l l  have 
fm 

which coincides with (15). Hence i t  follows tha t  the u l t r a r e l a v i s t i c  sca t te r -  
i n g  of an i n i t i a l l y  uniform gas sphere of raditrs R at r > R  proceeds just 
a8 ef fec t ive ly  as a t  gas flow in the o d e r  Sahwarsshild f i e l d  w i t h  a gravi- 
t a t i o n d  radius r, = r,’ = xp&3/3& a t  the same time e-h = (1 - r , * / r ) .  

e + * *  T H E  E N D  e * * *  
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